Background: Acute lymphoblastic leukemia (ALL) is a malignant disorder of lymphoid progenitor cells that affects both children and adults. B-lineage acute lymphoblastic leukemia (B-ALL) that derived from primary B cell precursors is a common subtype of ALL. PAX5 is a member of PAX gene family. This gene is located at 9p13.2, encoding the B-cell lineage specific activator protein (BSAP). BSAP is an essential regulator of B lymphocytes identity and function which plays an important role in part of B cell specific genes.
Background
Acute lymphoblastic leukemia (ALL) is a neoplasm of lymphoid progenitor cells and is the most common malignancy of pediatric [1] . Worldwide incidence projected is 1 -4.75 per 100,000 people [2] . In patients with ALL, the incidence, severity, clinical symptoms and response to treatment are different [3, 4] . Despite significant advances in the successful treatment of ALL, the disease causes cancerrelated death in many young people . Poor prognostic outcome of ALL is associated with white blood cell counts above 50000/mL [5] . The disease is determined due to genetic changes that arrest B and T lymphocytes differentiation, and causing aberrant cell proliferation and survival [6] . Paired box 5 (PAX5) is a transcription factor that plays a role in commitment of hematopoietic cells to B lymphocytes [7] . It is involved in B lineage cell development of several ways, including: activating the transcription of many of specific genes in B cell lines, suppressing the expression of lineage-inappropriate genes and regulation of VH (variable) to DJH (diversity-joining) recombination in immunoglobulin heavy chain gene (IgH) [8, 9] . The human PAX5 gene, which encodes the PAX5 protein, also known as the B-cell specific activator protein (BSAP), is situated at the 9p13 locus [10] . In the hematopoietic system, this protein exclusively expresses from the pro-B to the mature B cell stage, where it controls the differentiation, function, and development of B lymphocytes [11, 12] . Several studies have demonstrated that PAX5 is the main target of somatic mutations in B-ALL. A genome analysis from pediatric ALL patients was performed by Mullighan et al. and was identified deletion, amplification, point mutation and structural rearrangement in genes encoding development and differentiation of B lymphocytes that among them, PAX5 gene was main target of somatic mutation in 31.7% of children [13] . Familiades et al. examine a cohort of 117 adult B-ALL (B-lineage acute lymphoblastic leukemia) patients using oligo SNP arrays. They demonstrated that PAX5 is mutated in 34% of adult B-ALL [14] .
It is well known that most eukaryotic genes have introns [15] , which are integral elements of the genome that exert diverse important functions such as alternative splicing and also actively take part in gene regulation and evolution [16] . Majewski [17] . So they concluded that these parts of introns may have role in regulation or process of splicing. Intron point mutations can sometimes lead to aberrant mRNA splicing that cause a protein truncated or representing an alternative mechanism for inactivation [16] . Therefore, it seems that mutation in some parts of intron would be very important. This study is performed to identify probable variants in flanking regions of introns 1 and 2 near the exons 1, 2 and 3 of PAX5 gene in patients with acute lymphoblastic leukemia in Khuzestan province, Southwest Iran.
Objectives
The aim of this study is to screen probable variants in flanking regions of introns 1 and 2 near the exons 1, 2 and 3 of PAX5 gene among B-ALL patients from Khuzestan province.
Patients and Methods
In this descriptive study, 50 patients selected with B-ALL (31 males and 19 females) that referred to Shafa hospital of Ahvaz. Among patients with leukemia, only patients with B-ALL were selected. The mean age of patients was 9.4 years (1 to 27 years old). The primary diagnosis of B-ALL was established on the basis of clinical phenotype followed by analysis of bone marrow sample using flow cytometry. After obtaining consent from parents of patients, blood samples were collected in tubes containing 0.5 M EDTA (CinnaGen company, Iran) solution and were maintained at -70°C and DNA was extracted using DNA extraction kit from Gen Fanavaran Company, Iran. Primers (Gen Fanavaran, Iran) for flanking regions of introns 1 and 2 near the exons 1, 2 and 3 were designed by primer 3 plus software (www.bioinformatics.nl/ primer3plus/). Primer sequences and annealing temperature for each primer pair are listed in Table 1 . PCR was performed using thermocycler (Flex thermocycler, Germany) and in 35 rounds with the following condition: initial denaturation at 94°C during 5 minutes followed by 35 cycles at 94°C for 30 second, at 60°C for 45 second and at 72°C for 30 seconds, followed by one cycle of 72°C for 3 minutes. To confirm the size of the PCR products, samples were loaded on 1.5% agarose (CinnaGen Company, Iran) gel. Sequencing was performed for 50 samples using big dye terminator cycle sequencing ready reaction kit (Applied Biosystems, USA) on an ABI Prism 3500 automated genetic analyzer (applied Biosystems, USA). The reactions were performed using reverse primer in Table   1 . Sequencing results were analysed using Chromas program and compared with the normal PAX5 gene sequence by NCBI BLAST tool.
After observation the variant in patients, blood sample were taken from 10 of parents of the patients (5 males and 5 females) and DNA extraction, PCR and sequencing was performed according to the above procedure. Statistical analysis was performed using SPSS-16 software (SPSS, Inc., Chicago, IL). 
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Results
After the extraction of DNA from the total blood of 50 ALL patients, PCR of the mentioned regions was performed. The lengh of intron regions amplified in reaction for the initial and final parts of intron 1 was respectively 26 bp and 50 bp and for the initial and final parts of intron 2 was 49 bp and 54 bp. Direct sequencing of the regions was done and after comparison with PAX5 reference sequence (NG-033894), two variants were identified in 9 patients (Table 2). Patients were seven males and two females from age 3 to 27 years. IVS2 -43T > C variant was heterozygous in one patient. IVS2 + 11T > G variant was homozygous in 8 patients, therefore normal people had two T nucleotides and patients had two G nucleotides in two alleles of PAX5 gene.
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In Figure 1 , the results of sequencing of variants have been shown 
Discussion
In this study, we tried to find the probable variants in flanking regions of introns 1 and 2 near the exons 1, 2 and 3 of PAX5 gene in the population of Khuzestan patients with B-ALL. The flanking regions of introns and exons were sequenced directly and two variants were found that located in intron 2 of PAX5 gene. These two variants including IVS2 + 11T > G and IVS2-43T > C were identified in 9 of 50 patients, while in the 41 other patients, did not observe any mutation in these regions. So frequency of patients with variants in intron 2 of PAX5 gene in the population was 18%. IVS2 + 11T > G variant was shown in 6 males and 2 females in age range 3 to 27 years from different ethnic group and IVS2 -43T > C variant was found in one 15 years-old boy with Arab ethnicity.
The PAX family of DNA binding proteins plays an important role in growth regulation in higher eukaryotes. Their importance is characterized by PAX gene mutations that caused developmental abnormalities such as Waardenburg syndrome and cancer [18] . As mentioned PAX5 is a member of PAX gene family [19] that is required for B-cell development and maintenance [20, 21] and so the gene could be significant target of somatic mutations in B-ALL [22] . On the other hand regulation of splicing of RNA transcripts encoding transcription factors is likely to play an important role during cell development and differentiation [23] . Pre-mRNA splicing and regulation of the processes are essential steps which leads to the removal of introns from immature RNA [24] . As regards alternative splicing occurs in most pre-mRNAs, it is not surprising that disturbance of normal splicing patterns could be cause human diseases [15] . For example it was found that the 20 nucleotides of intron from both ends are very important in the sequence and these areas may have less SNPs than the other parts of introns. This is because of the fact that changes in these areas may have effect on RNA splicing [17] . Since in mRNA splicing, as usual, the introns are removed and exons are joined together, any changes in this process, may effect on the normal removal of an intron (intron retention) or caused to delete an exon (exon skipping). Based on the studies, intron variants may effect on mRNA splicing, gene regulation and DNA-protein interactions especially binding of transcription factors [16, 25] . So sometimes, parts of introns especially near the exonic regions would be important for understanding the reasons of abnormalities.
IVS2 -43T > C variant was found as a heterozygous variant 43 nucleotides before the AG dinucleotide of the 3'-acceptor splice site of intron 2 of PAX5 gene. This variant was revealed in one patient who was one 15 years old boy with Arab ethnicity.
Another variant which revealed in 8 patients was IVS2 + 11T > G, a homozygous form that located in the eleventh nucleotides after the GT dinucleotide of the 5 -donor splice site of intron 2 of PAX5 gene. These patients were 6 boys and 2 girls in ages between 3 to 27 years. So between these 8 patients, this variant was seen in boys more than girls with different ages. Also with respect to ethnic diversity of patients, this variant was seen in different ethnic groups.
Homozygous form of one variant means that change in this region can affect both alleles of this gene. To study the pathogenic effects of this variant, this region was evalZahedan J Res Med Sci. In Press(In Press):e6670. 3 U n c o r r e c t e d P r o o f uated in 10 of the parents of the patients (5 males and 5 females). In three cases, this variant was found in homozygous form (1 male and 2 females) and in seven cases, it was heterozygous (4 males and 3 females). Because of that 3 subjects that showed the variant as a homozygous form and they are healthy, indicates that this variant, do not have any role on the disease. Therefore, this variant can be one polymorphism that may be used in haplotype studies.
Despite the studies about this variant, to evaluate the frequency of this variant, more comprehensive studies with more samples and analysis of these variant in healthy control samples would help us for more understanding the role of the PAX5 gene in the disorder. Zahedan J Res Med Sci. In Press(In Press):e6670. 
